Infective endocarditis is a systemic septic disease that results in the formation of verrucae on the valves, endocardium, and macrovascular intima, and presents with a range of clinical symptoms such as fever and cardiac dysfunction. The dispersal of verrucae may result in embolisms, and therefore, this condition needs to be accurately diagnosed and treated at an early stage [1] . Referred pain may be localized not only at the site of origin, but also at locations adjacent to or far from the origin [2] . When a pain stimulus enters the posterior horn of the spinal cord, a skin stimulus can also enter the spinal cord at the same level. Consequently, pain is experienced at the region corresponding to the sensory fibers of the skin [3], thus resulting in referred pain. In the present report, we describe a case of endocarditis with referred pain in the right shoulder.
Kurume Medical Journal Vol. 62, No. 1, 2 2015 ing was observed around the right shoulder. The active shoulder range of motion was 20° in elevation and 10° in abduction. Objective evaluation via manual tests yielded invalid results because of the severe shoulder pain. The blood test results were as follows: white blood cells, 12,200/µL; C-reactive protein, 16.16 mg/ dL; aspartate aminotransferase, 102 IU/L; and alanine aminotransferase, 61 IU/L. These results indicated severe inflammatory reaction and liver dysfunction. No ST change was noted on electrocardiography, and no particularly abnormal findings were observed on plain radiography of the right shoulder (Fig. 1a) . Moreover, magnetic resonance imaging (MRI) of the right shoulder revealed no infection or other abnormal findings (Fig. 1b) .
The patient experienced sharp abdominal pain on the third day after onset; therefore, we performed contrast-enhanced computed tomography, which revealed multiple infarctions of the kidneys, spleen, and liver (Fig. 2) . As these findings were suggestive of multiple cardiogenic infarctions, we performed another echocardiography and detected a 16 × 12 mm vegetation adjacent to the mitral valve (Fig. 3) . Based on the above findings, we diagnosed the patient with multiple infarctions caused by infective endocarditis. We considered that systemic management would be needed, and therefore the patient was transferred to the critical care center.
After the patient was transferred to the critical care center, he was administered 2.4 × 10 7 units of ben- zylpenicillin potassium for 1 day, and 180 mg/day of gentamicin sulfate for 1 week. Thereafter, blood culture tests indicated positive results for Staphylococcus aureus. During transport of the patient, a blood culture was taken using the Walk Away system. After 16-18 hours of incubation at 35°C in a blood agar medium, which is the culture method of choice, we determined the minimum inhibitory concentrations (MICs) using turbidimetric measurements of bacterial growth. The results were interpreted as susceptible (S), intermediate (I), or resistant (R). (Table 1) Considering the drug susceptibility, 3 g/day of cefazolin sodium was administered for 6 weeks. The inflammatory findings gradually returned to normal as his fever abated, and the right shoulder pain and range of motion also improved.
DISCUSSION
The diseases reported to cause referred shoulder pain include pulmonary lesions (e.g., cancer metastasis, pleuritis), cardiac and macrovascular lesions (e.g., coronary artery disease, aortic dissection, pulmonary infarction), gastrointestinal lesions (e.g., gastroduodenal ulcer, cholecystitis, hepatic abscess, peritoneal lesions, splenic injury), and iatrogenesis (e.g., after laparoscopic surgery) [4] . In previous studies, Auzary et al. [5] have reported that the initial symptoms of infective endocarditis are joint pain and fever. However, as there are no previous reports discussing the pathogenesis of such pain, in this study, we considered the pathogenesis of the right shoulder pain experienced by our patient.
The proposed pathology in the present case is as follows (Table 2) . First, the primary underlying risk factor in the present case, who had a compromising history of stimulant drug injection [6] , was infective endocarditis, which could have produced the endocardial vegetation. Although, as mentioned above, coronary artery infarction and ischemic changes can cause shoulder pain, we did not observe any abnormal ST changes on electrocardiography or any wall asynergy on echocardiography. The possibility of a vascular infarction adjacent to the shoulder is also unlikely because MRI did not show any tissue necrosis due to an infarction in the shoulder area or impeded blood flow of the right arm.
Considering that infarctions were noted in the liver and spleen, which are organs adjacent to the dia- phragm, and that the sensation of the diaphragm is governed by sensory branches of the phrenic nerves arising from the third through fifth vertebrae, it is conceivable that the referred pain originating from these organs was reflected in the right shoulder [3] . Thus, we believe that the hepatic and splenic infarctions caused by a vegetation from the heart induced secondary edema and inflammation, which consequently extended adjacent to the diaphragm, and produced referred right shoulder pain.
CONCLUSION
Infective endocarditis is a serious condition that can result in complications if it is not diagnosed and treated at an early stage. Therefore, in cases such as this with referred shoulder pain, physicians should carefully consider the presence of internal diseases that may cause this pain.
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